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Phlebotomine insects are vectors of viral (Tesh 1988), 
bacterial and parasitic diseases (Adler & Theodor 1957), 
including sandfly fever, bartonellosis and leishmaniasis. 
In Brazil, Lutzomyia longipalpis is the main vector of 
Leishmania infantum chagasi (Lainson & Rangel 2005), 
which causes visceral leishmaniasis.

Previous molecular studies contributed to under-
standing the events that occur during the establishment 
of Leishmania infection in sandflies (Ramalho-Ortigao 
et al. 2010). Leishmania molecules such as LPG (Svar-
ovska et al. 2010), which binds to the sandfly midgut ga-
lectin receptor PpGalec (Kamhawi et al. 2004), sandfly 
digestive enzymes (Sant’Anna et al. 2009, Telleria et al. 
2010) and the peritrophic matrix (PM) (Pimenta et al. 
1997) contribute to the success of the infection.

In the majority of sandfly species, the PM is formed 
between 12-24 h after blood ingestion (ABI) and degraded 
between 36-72 h ABI, when digestion is completed (Wal-
ters et al. 1995, Secundino et al. 2005, Sadlova & Volf 
2009). In L. longipalpis, PM formation begins 1 h ABI 
and is completed by 24 h ABI (Secundino et al. 2005). The 
PM aides in the initial survival of Leishmania in the insect 

by creating a proteolytic gradient between the midgut lu-
men and core of the food bolus (Pimenta et al. 1997).

PM degradation after blood digestion requires the 
activity of chitinases, which cleave the chitin microfibril 
components of the matrix. Midgut-specific chitinases 
(Llchit1 and Ppchit1) from L. longipalpis and Phle-
botomus papatasi were transcribed 72 h ABI (Ramalho-
Ortigao & Traub-Cseko 2003, Ramalho-Ortigao et al. 
2005). The maximum chitinolytic activity was detected 
in both species at approximately 48 h ABI (Ramalho-
Ortigao et al. 2005).

Previous studies on Aedes aegypti and Anopheles 
stephensi demonstrated that feeding insects with blood 
containing chitinase (BCC) or antibodies raised against 
PM proteins led to accelerated blood digestion, but did 
not interfere significantly with egg laying kinetics or the 
total number of eggs laid (Villalon et al. 2003). We in-
vestigated the effects of feeding exogenous chitinase on 
various biological factors of L. longipalpis.

Insects were collected at Gruta da Lapinha, Minas 
Gerais, Brazil, and maintained in our insectary (Brazil 
& Brazil 2003). Only the first offspring of the collected 
flies were used in the experiments. All animal procedures 
were approved by the Animal Care and Use Committee of 
Fiocruz (protocol P0-116-02). Insects were artificially fed 
through chick skin membranes placed on glass feeders. 
Control adult females were artificially fed hamster blood, 
while the experimental flies were fed hamster blood con-
taining 1 µg/mL chitinase (Sigma Aldrich) (Villalon et 
al. 2003). Ten percent of the females were dissected 24 h 
ABI to investigate PM formation. PM presence was de-
tected by optical microscopy; disruption of the PM was 
inferred when a PM was not observed by optical micros-
copy and the blood contents of the midgut dispersed read-
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Lutzomyia longipalpis is the most important vector of visceral leishmaniasis in Brazil. When female sandflies feed 
on blood, a peritrophic matrix (PM) is formed around the blood bolus. The PM is secreted by midgut cells and com-
posed of proteins, glycoproteins and chitin microfibrils. The PM functions as both a physical barrier against pathogens 
present in the food bolus and blood meal digestion regulator. Previous studies of mosquitoes and sandflies have shown 
that the absence of a PM, resulting from adding an exogenous chitinase to the blood meal, accelerates digestion. In the 
present study, we analysed biological factors associated with the presence of a PM in L. longipalpis females. Insects fed 
blood containing chitinase (BCC) accelerated egg-laying relative to a control group fed blood without chitinase. How-
ever, in the BCC-fed insects, the number of females that died without laying eggs was higher and the number of eggs 
laid per female was lower. The eggs in both groups were viable and generated adults. Based on these data, we suggest 
that the absence of a PM accelerates nutrient acquisition, which results in premature egg production and oviposition; 
however, the absence of a PM reduces the total number of eggs laid per female. Reduced fecundity in the absence of a 
PM may be due to inefficient nutrient conversion or the loss of the protective role of the PM.
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ily throughout the dissecting buffer. An intact PM was 
not observed in BCC-fed flies. After the experimental 
feeding, females were separated into small containers and 
data were recorded daily until the death of all females. 
The data collected from three independent experiments 
included the egg laying kinetics, number of eggs laid and 
day of female death. Experiments 1, 2 and 3 had 27, 25 and 
25 females in the control group and 35, 25 and 19 females 
in the experimental group, respectively. All insects were 
kept under the same humidity, temperature and photope-
riod conditions. After all females died, the carcasses were 
removed from their containers. The egg hatching day and 
larval to adult development were also observed.

Statistical tests were conducted using GraphPad 
Prism version 5.01 (GraphPad Software, Inc). Survival 
analyses were performed using a chi-square test; all other 
analyses used a t test to test for differences. Differences 
were considered statistically significant at p < 0.05.

Insect survival was not significantly affected by the 
disruption of the PM, although there was an increased 
survival trend for females fed BCC over 15 days (Fig. 1).

The disruption of the PM had an effect on the onset 
of oviposition. The average onset of oviposition occurred 
approximately two days earlier in chitinase-fed insects, 
which was significant different compared with the con-
trol group (t test, p < 0.0001) (Fig. 2A). The number of 
females that laid eggs (at least 1 egg per female) was also 
investigated (Fig. 2B). Almost 60% of the chitinase-fed 
females died without laying eggs, while only 10% of the 
sandflies from the control group died without laying 
eggs (p = 0.0107) (Fig. 2B).

The number of eggs laid per female was also investi-
gated in relation to PM disruption. The mean number of 
eggs laid per BCC-fed female was approximately five-
fold fewer than the control group (Fig. 3A) (p < 0.0001). 
Furthermore, fewer than 30% of the BCC-fed females 
laid eggs, while more than 50% of controls laid eggs 
(Fig. 3B) (p = 0.0302).

Considering that L. longipalpis BCC-fed females 
started laying eggs earlier than the control group, but the 
number of barren females increased, we suggest that the 
accelerated digestion of the blood meal in the absence of 
a PM accelerates nutrient absorption, but prevents the 
full conversion of nutrients necessary for egg produc-
tion. The role of the PM in digestion and its influence on 
nutrient acquisition has been studied in many insects. A 
complete digestive process requires the PM to compart-
mentalise digestive enzymes and midgut fluid fluxes. 
These fluxes are responsible for the translocation of en-
zymes and products of digestion (Terra 1988). However, 
for both A. aegypti and A. stephensi, early egg oviposi-
tion has not been observed in insects that ingested blood 
containing anti-PM sera (Villalon et al. 2003). Amino 
acid signalling through the nutrient-sensitive target of 
rapamycin (TOR) pathway has been shown to be es-
sential for the activation of yolk protein precursor genes 
expression (Hansen et al. 2004), which is critical for egg 
development in A. aegypti. Thus, the disruption of the 
PM in BCC-fed sandflies may have influenced amino 
acid absorption, thereby altering the TOR signalling 
pathway and negatively impacting egg production.

Despite the earlier egg laying observed in the chiti-
nase-fed females, a reduction in the total number of egg 
laying females and number of eggs laid per female was 
observed. Alterations in early blood digestion in the ab-
sence of a PM may have additional effects on the female 

Fig. 1: effect of chitinase feeding on insect survival. Insect survival was 
recorded daily after blood ingestion. Mean values of three independent 
experiments are represented in the graphic. The black line indicates 
control group fed on blood only. The red line indicates experimental 
group fed on blood containing chitinase. Error bars are standard error of 
the mean. Flies lived beyond 12 days in only two of three experiments; 
therefore, error bars are not included on time points after 12 days.

Fig. 2: effect of chitinase feeding on the onset of oviposition. The onset 
of egg laying was followed after blood ingestion (ABI). A: onset of egg 
laying for each female; B: percent of control vs. experimental flies lay-
ing eggs ABI. The black line indicates control group fed on blood only (n 
= 42). The red line indicates experimental group fed on blood containing 
chitinase (n = 21). Error bars are standard error of the mean.
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reproductive cycle. The direct contact of the gut epithe-
lium with intermediates of haemoglobin digestion could 
induce oxidative stress in sandfly females, which was 
observed previously in Lutzomyia spinicrassa (Walters 
et al. 1995) and A. aegypti (Pascoa et al. 2002, Deven-
port et al. 2006) leading to compromised ability to pro-
duce eggs. In addition, the premature direct contact of 
the L. longipalpis gut microbiota with the midgut epithe-
lium may cause an additional challenge to the BCC-fed 
insects because potentially pathogenic bacteria, such as 
Serratia marcescens, are present in the L. longipalpis 
midgut (Gouveia et al. 2008).

Our data contribute to understanding the role of the 
PM on insect biology by providing information for fu-
ture midgut-targeted strategies to control sandflies.
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Fig. 3: effect of chitinase feeding on number of eggs laid. The number 
of eggs laid was counted after females died. A: number of eggs laid by 
each female; B: number of eggs laid by control vs. experimental popula-
tions. Error bars are standard error of the mean.


